The establishment of livestock ranchlands adjacent to protected areas in savanna ecosystems is believed to threaten wild animals. Intensive competition for vegetative resources, water and poaching are considered to be immediate factors that reduce the capacity of protected areas to sustain wild mammals. The coexistence of wild mammals and ranchlands is common in Southern Africa but has rarely been suggested as a viable conservation option in East Africa. To assess the importance of ranchlands in conserving wild mammals, 36 plots of 20 × 20 m dimension were positioned along a 7240 m stretch from the boundary in Lake Mburo National Park (LMNP) and 36 plots of similar dimension were set within the ranchlands adjacent to the Park. The dung counts of different species recorded in the plots were used as a relative index of mammal abundance in the ranchlands and in LMNP. The results reveal 18 wild mammal species recorded in both sampled areas, 12 within LMNP and 17 in the adjacent ranchlands. The topi Damaliscus lunatus was only found in the park. Total dung count estimated in both ranchlands and LMNP was 2,586 with LMNP accounting for 29% and ranchlands 71%. In terms of wild mammal dung, ranchlands had a higher wild mammal dung count than LMNP (30% higher). The study points to the compatibility of the two land uses in conserving wild mammals and biodiversity in general, negating the common belief of competition and exclusion. Future research is needed on the compatibility of ranchlands with protected areas on biodiversity status of other species.
Introduction
The assumption that biodiversity is higher in protected areas than in other land uses has dominated biodiversity conservation discourse (Stoner et al. 2007; Geldmann et al. 2013; UNEP-WCMC et al. 2018 ). This assumption is further supported by the fact that land use is among the major threats to biodiversity (Sala et al. 2000; Asner et al. 2010) . To conservation purists, the exclusion of land uses that are perceived to be incompatible with protected areas is the best way to counter biodiversity loss. Unfortunately, exclusion has not completely halted the loss of biodiversity in protected areas and in some cases has exacerbated human-wildlife conflict since communities still want to access essential resources within the protected areas (Mistry and Beradi 2000; Lindsey et al. 2012) . The demand for land and its resources in areas adjacent to protected areas managed for biodiversity conservation is increasingly putting pressure on biodiversity conservation areas, prompting the need for land use options that can simultaneously conserve biodiversity and serve other production uses (Prins 1992; Marchant 2010) . Such land uses act as dispersal areas for wild animals especially where the land tenure system does not restrict access to environmental resources (Okello and Kioko 2010) .
Lake Mburo National Park (LMNP), the smallest grassland protected area (260 km 2 ) in Uganda located within a dryland savanna, is surrounded by livestock ranchlands (Blösch 2002) . The land tenure systems in Lake Mburo include private property, non-property, customary communal and customary individualized tenure (Kisamba-Mugerwa et al. 2006) . The creation of the park resulted in local resistance and ensuing socio-political conflicts (Marquardt et al. 1994) . Grazing land was reduced and livestock restricted from entering the gazetted park area since grazing was perceived to be incompatible with wildlife conservation. However, the decision to exclude livestock grazing from the park was not guided by any critical study to assess whether exclusion was the best option for conserving biodiversity. Using dung counts of wild mammals in LMNP and the adjacent ranchlands, this study assesses the compatibility of the two intensive land uses in conserving wild mammals. The aim of this study is to test the common assumption that biodiversity is higher in protected areas than on other land uses.
Methods
The study was conducted in the eastern part of LNMP and the adjacent ranchlands, in Kiruhura District, South Western Uganda. The park lies at an altitude of about 1200 m above sea level, average annual rainfall of 888 mm and mean annual temperatures of 22.9 °C are recorded at the nearest weather station in Mbarara (Blösch 2002 Rannestad et al. 2006) . LMNP is largely used for wildlife conservation and recreation/ tourism. Outside the park, ranchland and communal grazing lands are the major land use types (Kagoro-Rugunda 2004; Rannestad et al. 2006) . I systematically paired sites in LMNP and the adjacent ranchlands running parallel to the boundary across the two land uses between June and September 2015. The boundary between LMNP and the ranchlands is unfenced and demarcated with concrete pillars. The herbaceous vegetation on either side of the boundary is different but the woody vegetation is similar (Nyamukuru et al. 2019) . Additionally, the herbaceous composition is associated with mammals and the grazing intensity is different between the ranchlands and LMNP (Nyamukuru et al. 2019; Nyamukuru et al. unpublished data) . In total, four sites of 1060 m each in LMNP and in the ranchlands were paired ( Figure 1 ). In each site, I established 9 plots of 20 × 20 m, giving a total of 72 plots. The plots were positioned at progressive distances of 300, 420 and 540 m away from the boundary into LMNP and the same distances were applied from the borders into the ranchlands. The distance of 300 m away from the boundary was applied to avoid the edge effect (Broadbent et al. 2008 ). Furthermore, wild animals maintain a shorter distance away from grazing (livestock) than from other human activities like agriculture and settlement (Okello and Kioko 2010) . I recorded mammals by looking at the presence and frequency of dung piles in 20 × 20 m plot. The chances of finding dung piles were equally likely on both sides of the boundary. The dung pile was identified and attached to mammal species with the help of an experienced game ranger. The dung counts in this study are used as a proxy for biodiversity, distribution and relative abundance of mammals. The assumption is that if dung count rates are higher in the ranchlands than the national park, this may suggest that the population density could be higher in the ranchlands that produce it. The dung counts were used over alternative methodologies because studies have shown that they are accurate estimates of mammal population biomass and density (Barnes 2001; Young et al. 2005; Boafo et al. 2009 ). Secondly, the dung method was used in this study because I assumed that a short distance of 540 m away from the boundary will capture animals with both large home range and those that range near the boundary. Although the distance seems small, from the data, that error does not affect the results and the conclusion. The use of dung to estimate mammal densities and biomass has also been demonstrated by several researchers (Karanth and Sunquist 1992; Plumptre and Harris 1995; Young et al. 2005) . To test whether the relative abundance of wild mammals is greater inside LMNP than the adjacent ranchlands, a generalized linear mixed effect model with a restricted maximum likelihood (nlme R package) was used. The dung count in the model was used as a response variable and land use as a predictor variable. Random factors were mammal species identity and plot. The distance from the boundary was added to the model after testing the effect of land use to test if it could explain additional differences. The analysis was performed using R statistical software (R Development Core Team 2016). 
Results and discussion
Results from the study reveal the presence and distribution of wild mammals within the two land uses. In total, 18 wild mammals were found to range within the sampled corridor, with ranchlands recording more (17) wild mammal species than LMNP (Table  1) . There is a significant difference in dung counts between LMNP and the ranchlands (estimate =0.55, standard error = 0.17, z value = 3.21, p < 0.01). Ranchlands still held a higher wild mammal dung count (1,183) as compared to LMNP (629) suggesting that the population density could be higher in the ranchlands, and that they are a preferred site for wild mammals. The distance from the boundary did not explain any additional variations (estimate = -0.00, standard error <0.01, z value = -1.61, p = 0.11) implying that land use or a different factor influences the relative abundance of wild mammals. The likely factor is the variation of the herbaceous vegetation in the two land uses (Nyamukuru et al. 2019 ) which could suggest different diet in the ranchlands and LMNP. Studies further reveal the presence of cattle Bos taurus and horses Equus caballus within LMNP but no goats Capra hircus (Table 1 ). The distribution of individual species within the two land uses based on study results shows a coexistence of livestock and wild mammals. Zebra Equus quagga boehmi, cattle Bos taurus and eland Taurotragus oryx had a higher dung count in the ranchlands than LMNP, bushbuck Tragelaphus scriptus, bush duiker Sylvicapra grimmia, dwarf mongoose Helogale parvula and goat Capra hircus were only found in the ranchlands (Table 1) .
Results of the survey indicate that contrary to received conventional wisdom (Geldmann et al. 2013 ) ranchlands returned a higher relative abundance of wild mammals than LMNP. This is evidence that wild mammals either periodically migrate from the Park to neighboring land uses or live there as residents as also observed by Guard (1991) and Averbeck (2002) in Lake Mburo ecosystem. The presence of bushbuck Tragelaphus scriptus, hyaena Crocuta crocuta, mongoose Helogale spp., hare Lepus species and bush duiker Sylvicapra grimmia on ranchlands and not LMNP further demonstrates the lack of imminent threats to these animals on the ranchlands but rather a possibility of coexistence. By choosing to range on ranchlands rather than the protected area, these species affirm the existence of more suitable ecological conditions and the differences in habitat selection by different species. A similar study by Okello and Kioko 2010 found that the likelihood of finding several species in Olgulului -Ololorashi Group Ranch was high compared to Amboseli National Park due to the different ecological needs of species. The existence of cattle Bos taurus in the park, and not goats Capra hircus, also points to greater and deeper functional relationships between specific species and rangelands. These results are also supported by Rannestad et al. (2006) who undertook similar studies in Lake Mburo using a different approach of line transect distance sampling method in the same study sites but at a wider scale. The coexistence of wild mammals and livestock in rangelands as demonstrated by studies conducted in such lands (Jensen 2001; Niamir-Fuller et al. 2012) , has tended to overshadow the conflict narrative. Local communities have, amidst challenges, sustained their different livelihoods in such environments. The Lake Mburo scenario is an example; before gazetting and demarcating the park in 1983, pastoralists coexisted with wildlife for a long time dating back to the 1800s when the ecosystem was a traditional grazing land and hunting ground for the King (Marquardt et al. 1994) . However, against that, Caro et al. (1998) and Crosmary et al. (2015) reported higher wild mammal densities in the protected area than the adjacent land uses. Furthermore, the presence of wild mammals in ranchlands means that these land uses are dispersal areas of LMNP and hence relieving the wild mammal population density pressure from the small park.
Conclusions
Notwithstanding studies that suggest greater competition and conflict between wildlife and other land uses (Prins 2000; Young et al. 2005; Niamir-Fuller et al. 2012) , results from this study tend to demonstrate the positive conservation value of ranchlands in the conservation of biodiversity, specifically wild mammals. However, given the delicate nature of wildlife-human interface, there is need for further research on the biodiversity status of other species in the ecosystem to reach a conclusive and informed decision on the compatibility of the two land use types within the greater Lake Mburo ecosystem and its conservation goals. Given the existence of wild mammals in ranchlands and livestock in LMNP as demonstrated in this study, it is important that LMNP and nearby land owners reach agreed management positions. The two parties ought to come up with strategic action on resolving compensation and injury claims raised by ranchers as well as livestock that stray into the LMNP.
